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PKEFACE 
The Langley Wireframe Geometry Standard (LaWGS) d e s c r i b e d  h e r e i n  was accepted  
a t  Langley kesearch Center  by t h e  Computer-Aided Design f o r  Research and 
Engineering (CADRE) committee on June 13, 1983; recommended t o  t h e  Langley 
Computer Users Committee on June  14, 1983; and approved by t h e  Chief 
S c i e n t i s t ,  Robert H. Tolson, on November 15, 1983. In  a d d i t i o n ,  t h e  Chief 
S c i e n t i s t  approved t h e  recommendation t h a t  e x i s t i n g  programs us ing  d i f f e r e n t  
geometries than t h e  s tandard  not  be r e w r i t t e n  b u t  have t r a n s l a t o r s  w r i t t e n  t o  
conver t  between t h e  s t a n d a r d  and nonstandard formats.  
The fol lowing concur w i t h  t h e  h e r e i n  d e s c r i b e d  Langley Wireframe Geometry 
Standard.  
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SUMMARY 
This document. g i v e s  t h e  background l e a d i n g  t o  t h e  acioption of  a Langley 
Research Center wireframe geometry s t a n d a r d ,  a d e s c r i p t i o n  of  t h e  s t a n d a r d ,  
and t h e  format f o r  u s e  of  t h e  s tandard .  A wireframe geometry u s e s  p o i n t s  and 
l i n e s  r a t h e r  t h a n  s o l i d  elem-.nts or s u r f a c e s  i r l  i t s  d e f i n i t i o n .  
INTKODUCTION 
The a b i l i t y  t o  numerical ly  d e f i n e  z r b i t r a r y  shapes  f o r  a n a l y s i s  o r  
c o n s t r u c t i o n  of experimental  models has  progressed t o  t h e  p o i n t  t h a t  very  
complex and d e t a i l e d  models can  be genera ted  e a s i l y  and q u i c k l y  wi th  t h e  a i d  
of computer codes and i n t e r a c t i v e  modeling techniques.  The i n c r e a s e  i n  
computer speed and c e n t r a l  memory s i z e  h a s  made p o s s i b l e  t h e  u s e  of  v e r y  
d e t a i l e d  d e s c r i p t i o n s  of c o n f i g u r a t i o n s .  It is  m o s t  d e s i r a b l e  t h a t  t h e  same 
numerical model be used throughout t h e  e n t i r e  d e s i g n  process  - f r o &  concept  
and a n a l y s i s  through model manufacturing. This  wireframe geometry s t a n d a r d  
. ? s t ab l i sSes  a common p o i n t  of r e f e r e n c e  f o r  t h i s  process .  
Many ccmputer a p p l i c a t i o n s  programs t h a t  r e q u i r e  numerical  model d e s c r i p t i o n s  
are being used a t  Langley. Because t h e r e  i s  no c o n s i s t e n c y  in t h e  geometry 
i n p u t  formats  o t  most of t h e s e  programs, u s e r s  are  o f t e n  faced w i t h  having t o  
r e d e f i n e  t h e i r  numerical  i n p u t  models f o r  each  program they  wish t o  use.  To 
s i m p l i f y  t h i s  t r a n s l a t i o n  of  geometry from one format  t o  a n o t h e r ,  t h e  Langley 
o r g a n i z a t i o n  CADRE (Computer-Aided Design f o r  Research and Engineer ing)  
undertook t h e  t a s k  of e s t a b l i s h i n g  a geometry format s t a n d a r d  f o r  u s e  a t  
Langley. n r te r  i n v e s t i g a t i n g  s e v e r a l  geometry formats  widely used (References 
1, 2,  3, 4) and t h e  I n i t i a l  Graphics Exchange S p e c i f i c a t i o n ,  ICES (Reference 
51, CADRE recommended and adopted a format t h a t  would meet t h e  m a j o r i t y  of  
requirements  a t  Langley. The format chosen is  similar i n  form t o  t h e  
a r b i t r a r y  geometry p o i n t  d e f i n i t i o n  d e s c r i b e d  i n  Reference 1, b u t  h a s  
a d d i t i o n a l  f e a t u r e s  t h a t  w i l l  be descr ibed  i n  a la te r  s e c t i o n .  The format i s  
s imple t o  use  and y e t  f l e x i b l e  enough t o  d e s c r i b e  most complex shapes ,  such as  
a i r c r a f t ,  space  s t a t i o n  components, test equipment, launch v e h i c l e s ,  etc. For 
e x i s t i n g  programs t h a t  u s e  geometry formats  o t h e r  than  t h e  s t a n d a r d ,  
t r a n s l a t G r s  can be w r i t t e n  t o  conver t  between t h e  non-standard and t h e  
s tandard  formats .  Thus t h e  Langley wireframe geometry s t a n d a r d  (LaWCS) w i l l .  
provide t h e  common l i n k  between a l l  of LaRC’s formats ,  
Some of t h e  Eeatures of t h e  s tandard  inc lude  f u l l  t h r e e  dimensional  c a p a b i l i t y  
( v a r i a b l e  i n  X ,  Y and Z), a n  unl imi ted  number of components o r  o b j e c t s  can be 
used t o  d e f i n e  a model o r  p o r t i o n  of a model, and a unique name may be g i v e n  
t o  each  o b j e c t .  A right-handed C a r t e s i a n  c o o r d i n a t e  system i s  used, 
c o i n c i d e n t  p o i n t s  a r e  a l lowed,  and fo r  symmetrical o b j e c t s  on ly  h a l f  t h e  
object  need be Spec i f ied .  
The remainder of t h e  t e x t  w i l l  d e s c r i b e  t h e  Langley Wirefrane Geometry 
Standard (LaWGS) i n  d e t a i l .  Examples of i t s  u s e  are found i n  Appendix A. 
Appendix B g i v e s  g e n e r a l  i n s t r u c t i o n s  for  d e s c r i b i n g  a i rc raf t  shapes w i t h  
LaWGS. Appendix C provides  g u i d e l i n e s  f o r  developing LaWCS t r a n s l a t o r s  o r  
i n t e r f a c e s ,  and e x i s t i n g  LaWGS t r a n s l a t o r s  and t r a n s l a t o r s  being developed are 
l i s t e d  i n  Appendix D. 
February 1985 1 
DESCRIPTION OF THE LANGLEY WIREFRAME GEOMETRY STANDARD (LaWGS) 
The Langley Wireframe Geometry Standard is a format  f o r  d e s c r i b i n g  
c o n f i g u r a t i o n  geometry wi th  d i s c r e t e  po in t s .  
t h e  l o c u s  of p o i n t s  f o r  contour  l i n e s  over  t h e  conf igu ra t ion .  
c o n t e x t ,  a contour  l i n e  can  be thought of a s  a set of p o i n t s  t h a t  when 
connected by s t r a i g h t  l i n e s  w i l l  f o l low t h e  contour  of t h e  o b j e c t .  
Add i t iona l ly ,  when r e s p e c t i v e  p o i n t s  on a l l  a d j o i n i n g  contour  l i n e s  of t h e  
o b j e c t  are s i m i l a r l y  connected, the mesh or wireframe o b j e c t  i s  c r e a t e d .  
a LaWGS f i l e  c o n s i s t s  of coord ina te s  of t h e  sets of contour  p o i n t s  t h a t  are 
t h e  nodes f o r  t h i s  wireframe s t r u c t u r e  (see Figures  1, 2, 3, and 4). 
These p o i n t s  are c o o r d i n a t e s  of 
I n  t h e  LaWGS 
Thus 
A conf igu ra t ion ,  as de f ined  i n  LaWGS, may c o n s i s t  of a s i n g l e  o b j e c t  or a 
c o l l e c t i o n  of o b j e c t s .  The d e s c r i p t i o n  of each  o b j e c t  is i d e n t i c a l  i n  form t o  
t h a t  of t h e  o t h e r s  and as previous ly  mentioned c o n s i s t s  of sets of d i s c r e t e  
p o i n t s  t h a t  d e f i n e  contours  over  t h e  o b j e c t .  
con tour s  and t h e i r  p o i n t s  are l i s t e d  is not  s p e c i f i e d  by UWGS, bu t  is  a 
cho ice  of t h e  person who creates t h e  LaWGS d e s c r i p t i o n .  However, t o  i n s u r e  
t h a t  t he  LaWGS f i l e  w i l l  be i n t e r p r e t e d  c o r r e c t l y ,  cons i s t ency  should be 
observed. For example, i f  t h e  p o i n t s  of t h e  f i r s t  i npu t  contour  of a n  o b j e c t  
are ar ranged  a long  t h e  x-axis i n  i n c r e a s i n g  o r d e r  (i.e. f o r e  t o  a f t ) ,  then  
each subsequent contour  f o r  t h e  o b j e c t  should be de f ined  i n  l i k e  manner. I f  
t h e  next  contour  l i s t e d  f o r  t h i s  same o b j e c t  is  clockwise from t h e  f i rs t  
contour ,  then  l i kewise  t h e  t h i r d  contour  should be clockwise from t h e  second,  
t h e  f o u r t h  From t h e  t h i r d ,  and so on t o r  t h e  remainder of t h e  o b j e c t .  The key 
c o n s i d e r a t i o n  when c r e a t i n g  a LaWGS f i l e  is t o  main ta in  cons i s t ency ,  
p a r t i c u l a r l y  i n  a p p l i c a t i o n s  where d i f f e r e n t i a t i n g  between t h e  i n t e r i o r  and 
e x t e r i o r  of t h e  wireframe model is important .  For  t h e s e  a p p l i c a t i o n s  where 
t h e  d i r e c t i o n  of s u r f a c e  normal v e c t o r s  must be cons idered ,  g u i d e l i n e s  f o r  
o r d e r i n g  p o i n t s  are provided i n  Appendix C. 
The o r d e r  i n  which t h e s e  o b j e c t  
Each o b j e c t  may be de f ined  i n  e i t h e r  of two ways: 1) r e l a t i v e  t o  a g l o b a l  
coord ina te  s y s t e m  t h a t  e x i s t s  f o r  t h e  c o n f i g u r a t i o n  or 2) r e l a t i v e  t o  i t s  own 
l o c a l  coord ina te  s y s t e m ,  i.e. independent ly  of t h e  o t h e r  o b j e c t s  i n  t h e  
conf igu ra t ion .  Both t h e  g l o b a l  and t h e  l o c a l  coord ina te  s y s t e m s  used in LaWGS 
are right-handed C a r t e s i a n  coord ina te  systems as i l l u s t r a t e d  i n  t h e  fo l lowing  
ske tch .  
2 February 1985 
February 1985 
3 
For o b j e c t s  desc r ibed  i n  the g l o b a l  coord ina te  s y s t e m  o n l y ,  t h e  LaWGS f i l e  
w i l l  c o n t a i n  an alphanumeric i d e n t i f i c a t i o n  of t he  :onfigurat ion and a n  
alphanumeric i d e n t i f i c a t i o n  of each o b j e c t ,  a n  i n t e 3 e r  i d e n t i f i c a t i o n  number 
which i s  unique t o  each o b j e c t ,  t h e  number of conto.ir  l i n e s  t o  be l i s t e d  f o r  
each o b j e c t ,  t h e  n m b e r  of p o i n t s  t o  be l i s t e d  f o r  2ach con tour  l i n e  (note:  
every contour  l i n e  o n  t h e  o b j e c t  must have t h e  same number of p o i n t s ) ,  and t h e  
po in t  c o o r d i n a t e s  of t h e  o b j e c t .  The g l o b a l  symmetyy parameter can  be used t o  
i n d i c a t e  symmetry about  one of t h e  t h r e e  g l o b a l  a x i s  planes.  
For o b j e c t s  d e s c r i b e d  i n  l o c a l  coord ina te  sys t ems ,  a d d i t i o n a l  parameters are  
provided t o  l o c a t e  t h e  o b j e c t  r e l a t i v e  t o  t h e  g l o b a l  c o o r d i n a t e  system. The 
l o c a l  symmet ry  parameter can be used t o  i n d i c a t e  syumetry about  one of t h e  
t h r e e  l o c a l  a x i s  planes.  Als3, t h e  o b j e c t  may be r o t a t e d ,  t r a n s l a t e d ,  and 
s c a l e d  t o  achieve i t s  d e s i r e d  o r i e n t a t i o n  i n  t h e  gl1,bal system r e l a t i v e  t o  the  
o t h e r  o b j e c t s .  
The o r i e n t a t i o n  of a n  o b j e c t  depends on t h e  o r d e r  i n  which :he t r ans fo rma t ions  
are app l i ed .  In  LaWGS, o b j e c t  t r ans fo rma t ions  are a p p l i e d  i n  t h e  fo l lowing  
order :  
1) l o c a l  symmetry; 
2)  r o t a t i o n  about x-axis ,  p h i  ( y ) ,  r o t a t i o n  about  y ,  t h e t a  ( e ) ,  
r o t a t i o n  about 2, p s i  ($1, (Appendix C ) ;  
3) t r a n s l a t i o n  i n  x -d i r ec t ion ,  t r a n s l a t i o n  i n  y ,  t r a n s l a t i o n  in 2 ;  
4) scale i n  x - d i r e c t i o n ,  scale i n  y ,  scale i n  z; 
5) g l o b a l  symmetry. 
Data is e n t e r e d  i n t o  a LaWGS f i l e  i n  l i s t - d i r e c t e d  f o m a t  which complies w i t h  
t h e  American Nat ional  Standards I n s t i t u t e  (ANSI) FORTRAN 77 language desc r ibed  
i n  document X3.9-i978. 
without  a FORMAT s t a t emen t .  The inpu t  d a t a  va lues  are free-form wiLh 
s e p a r a t o r s  r a t h e r  t han  f ixed - s i ze  f i e l d s .  Sepa ra to r s  can  be one o r  more 
blanks,  commas, o r  s l a s h e s ,  e i t h e r  of which can be preceded o r  followed by any 
number of blanks.  Charac t e r  s t r i n g s  must be enclosed i n  s i n g l e  quotes .  
L i s t -d i r ec t ed  inpu t /ou tpu t  p rocesses  coded d a t a  
The s t anda rd  format is presented i n  t h e  fol lowing s e c t i o n .  
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THE LANGLEY WIREFKAME GEOMETKY STANDARD (LaWGS) FORMAP 
Va r i a  b i e  
N a m e  -Record 
1 IDCONF 
. k s c r i p t i o n  
I d e n t i f i c a t i o n  of iaWGS c o n f i g u r a t i o n  
(1-80 alphenumerrc c h a r a c t e r s  
enclosed i n  s i n g l e  quo tes ) .  















Object i d e n t i f i c a t i o q  (1-80 d'phanumeri: 
c h a r a c t e r s  enclosed i n  s i n g l e  quo tes ) .  
Object number ( i n t e g e r  i d e n t i f i c a t i o n  
unique t o  o b j e c t ) .  
Number of con toc r  l i n e s  t o  h e  l i s t e d  f o r  
o b j e c t  . 
Number of p o i n t s  l i s t e d  f o r  each con tour  
l i n e .  
In i t s  l o c a l  c o o r d i n a t e  system, t h e  o b j e c t  i s  
= 0, not  symmetrical. 
= 1, symmetrical about i t s  l o c a l  X-Z a x i s .  
= 2, symmetrical  about  i t s  l o c a l  X-Y a x i s .  
= 3, symmetrical about i t s  l o c a l  Y-Z a x i s .  
Rotat ion of t he  o b j e c t  about i t s  l o c a l  X, Y, Z 
a x e s ,  r e s p e c t i v e l y  ( r o l l ,  p i t c h ,  yav ) ,  i n  
degrees .  
T r a n s l a t i o n  of t he  o b j e c t  a long t h e  X, Y ,  Z 
axes ,  respec t ive ly ,  t o  move t h e  o b j e c t  t o  
the  g l o b a l  s y s t e m  from i t s  l o c a l  s y s t e m ,  i n  
u n i t s  c o n s i s t e n t  w i th  o b j e c t  i n p u t  po in l s .  
Scale  f a c t o r s  a p p l i e d  t o  t h e  X, Y ,  Z 
c o o r d i n a t e s ,  r e s p e c t i v e l y ,  t h a t  w i l l  
t ransform ihe  o b j e c t  p o i n t s  i n t o  g l o b a l  
u n i t s .  
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ISYMG I n  t h e  g l o b a l  c o o r d i n a t e  system, t h e  o b j e c t  is 
= 0, n o t  symmetrical. 
= 1, symmetrical about  t h e  g l o b a l  X-2 a x i s .  
= 2, symmetrical abou t  t h e  g l o b a l  X-Y a x i s .  
= 3, symmetrical abou t  t h e  g l o b a l  V-Z a x i s .  
(XSY I d m s n  Po in t  coord ina te s  of t h e  o b j e c t ,  where 
m = 1 to  NPNT f o r  each n = 1 t o  NLINE. 
For r e a d a b i l i t y ,  begin a new record 
image f o r  each contour:  
*LaWGS Conventions: 
Data i s  e n t e r e d  i n  l i s t - d i r e c t e d  format. 
3D right-handed Car t e s i an  coord ina te  sys tems are used. 
Object t r ans fo rma t ions  are a p p l i e d  i n  i h e  fol lowing o rde r :  
( 1 )  Local symmetry: I s m  
(2 )  Rotation: a )  FX, b )  RY, c )  RZ 
(3) Trans la t ion :  a )  TX, b) TY, c )  TZ 
( 4 )  Scal ing:  a )  XSCALE, b) YSCALE, c )  ZSCALE 
(5) Global symmetry: ISYM; 
If e i t h e r  ISYML or ISYMG i s  non-zero, i t  i s  assumed t h a t  t h e  p o i n t s  t h a t  
are l i s t e d  f o r  t h e  o b j e c t  are t o  be r e f l e c t e d  about t h e  i n d i c a t e d  p l a n e  
of symmetry. I f  both ISYML and ISYMG are non-zero, t h i s  r e f l e c t i o i  is 
compounded; t h a t  i s ,  i t  is assumed t h a t  t h e  l i s t e d  o b j e c t  p o i n t s  are t o  
be  r e f l e c t e d  f i r s t  according t o  ISYML a t d  t h a t  t h e  r e s u l t i n g  o b j e c t  a f t e r  
t r ans fo rma t ions  are performed is  t o  be r e f l e c t e d  a g a i n  according t o  t h e  
non-zero s e t t i n g  of ISYMG. 
P o s i t i v e  r o t a t i o n s  are such t h a t ,  when loohing from a p o s i t i v e  a x i s  
toward the  o r i g i n ,  a 90' counterclockwise r o t a t i o n  w i l l  t ransform one 
p o s i t i v e  a x i s  i n t o  t h e  o t h e r ,  as i l i u s t r a r e d  i n  t h e  fol lowing ske tch .  
Therefore ,  p o s i t i v e  r o t s t i o n  f o r  
6 February 1985 
RX ( 4 )  is  from Y to Z 
RY (e)  Is from 2 to  X 
RZ ($) is from X t o  Y 
(Reference 6 ) .  
X 
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CONCLU D I LVG REMARKS 
The Langley Wiref rame Geometry Standard has  been e s t a b l i s h e d  t o  s i m p l i f y  
t h e  t r a n s l a t i o n  of geometry from one format t o  another .  It is hived t h a t  
new a p p l i c a t i o n s  w i l l  use  t h e  LaWGS format f o r  geometry whenever 
poss ib l e .  For e x i s t i n g  a p p l i c a t i o n s ,  LaWGS t r a n s l a t o r s  should be 
w r i t t e n .  
geometry formats.  Guidel ines  for developing t h e s e  t r a n s l a t o r s  are g iven  i n  
Appendix C. 
h a s  a l r eady  begun, and a summary of t h e s e  t r a m l a t o r s  is presented in 
Appendix D t o  h e l p  avoid d u p l i c a t i o n  of effort. 
This  w i l l  make LaWGS t h e  common l i n k  between Langley's many 
Work on t r a n s l a t o r s  between I3WGS and v a r i o u s  e x i s t i n g  codes 
8 F e b r u a r y  1985 
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( a )  Contour points connected 
with straight l i n e s .  
Figure 1.- Blunt body wireframe example. 
February 1985 
F i g u r e  2 .  - : ; lender body wireframe e x a m p l e .  
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APPENDIX A.- Examples of Geometries Described i n  LaWGS Forrnat 
The appendix p resen t s  f o u r  examples of c o n f i g u r a t i o n s  desc r ibed  i n  t h e  LaWGS 
f o m a t .  k a m p l e s  1 and 2 i l l u s t r a t e  two d i f f e r e n t  methods of desc r ib ing  t h e  
same o b j e c t s .  In  Example 1 t h e  o b j e c t s  are de f ined  i n  t h e  g l o b a l  coord ina te  
system, and i n  Example 2 t h e  o b j e c t s  are de f ined  i n  a l o c a l  coord ina te  system, 
and t ransformat ion  parameters are included t o  proper ly  o r i e n t  t h e  o b j e c t s  i n  
t h e  global coord ina te  system. 
s imple  a i r c r a f t  shape i n  t h e  global coord ina te  system. 
the d e s c r i p t i o n  of a complex a i r c r a f t  shape. 
Rample  3 i l l u s t r a t e s  t h e  d e s c r i p t i o n  of a 
Example 4 i l l u s t r a t e s  
14 February 1985 
EXAMPLE 1.- Three Cylinders in Global Coordinate System 
This example listing and the one following demonstrate how the same geometry 
can be described using global and local coordinate syscems. The geometry to 
be described consists of three objects, identical light circular cylinders, 
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EXAMPLE 1 - THREE CYLINDERS I N  GLOBAL COORDINATES 
'FIRST CYLINDER 
1 2 7 0 .ooo .ooo .ooo .ooo .ooo .ooo 1.000 1.000 1.000 1 . 000 . 000 1 .ooo .ooo .500 866 . 000 .866 . 500 .ooo 1.000 . 000 . 000 .866 - .so0 .ooo .so0 -e866 . 000 .ooo -1.000 
-5.000 .ooo 1.000 -5.000 .so0 .866 
-5.000 .866 .SO0 -5.000 1.000 . 000 
-5.000 .866 -e500 -5.000 .so0 -.866 
-5.000 .ooo -1.000 
'SECOND CYLINDER 
2 2 13 0 .OOO .OOO .OOO .OOO .Ooo .ooo 1.000 1.000 1.000 0 
-2.000 .009 -1.000 -1.866 -500 -1.000 
- 1.500 -866 -1.000 -1.000 1.000 -1.000 
- .500 .865 -1.000 -.134 .so0 -1.000 . 000 .ooo -1.000 -. 134 -.so0 -1.000 
-.so0 -.866 -1.000 -1.000 -1.000 -1.000 
-1 500 866 -1 000 -1 866 -.so0 -1.000 
-2.000 .ooo -1.000 
-2.000 .OOO -6.000 -1.866 -500 -6.000 
-1.500 .866 -6.000 -1.000 1.000 -6.000 
- .so0 .866 -6.000 -. 134 -500 -6.000 . 000 .OOO -6.000 -.134 -.500 -6.000 
- . 500 -.866 -6.000 -1.000 -1.000 -6.000 
-1.500 -.866 -6.000 -1.866 -.SO0 -6.000 
-2.000 .OOO -6.000 
'THIRD CYLINDER * 
3 2 13 0 -000 -000 -000 -000 -000 -000 1.000 1.000 1.000 0 
-6.000 1 .ooo 1.000 -6.500 1 .ooo -866 
-6.866 1.000 .SO0 -7.000 1.001) .ooo 
-6.866 1 .ooo -.500 -6.500 1 .ooo -.866 
-6.000 1.000 -1.000 -5.500 1.000 -. 866 
-5.134 1.000 -.500 -5.000 1.000 .ooo 
-5.134 1.000 -500 -5.500 1.000 866 
-6.000 1.000 1 .ooo 
-6.000 -4.000 1.000 -6.500 -4.000 .866 
-6.86t -4.000 -500 -7.000 -4-000 .ooo 
-6 -866 5.000 -.SO0 -6.500 -4.000 -. 866 
-6.000 -4.000 -1.000 -5.500 -4.000 -.866 
-5.134 -4.000 m.500 -5.000 -4.000 . 000 
-5.134 -4.000 -500 -5.500 -4.000 .866 
-6.000 -4.000 1.000 
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EXAMPLE 2.- Three Cyl inders  i n  Local Coordinate  System 
Formatting the  o b j e c t s  from example 1 us ing  l o c a l  coord ina te s  is somewhat 
s imple r  than  us ing  g l o b a l  coord ina te s  s i n c e  one can  t a k e  b e t t e r  advantage of 
t h e  s i m i l a r i t y  and symmetry of t h e  o b j e c t s .  The o b j e c t s  are i d e n t i c a l ,  t h u s  
t h e  same d e f i n i t i o n  i n  a l o c a l  axis system can  be used t o  r e p r e s e n t  each  
o b j e c t ,  and only  t h e  t ransformat ion  between t h e  l o c a l  axes  and t h e  g l o b a l  axes  
i s  d i f  I e r e n t .  
' EXAMPLE 2 - THREE CYLINDERS IN LOCAL COORDINATES' 
'FIRST CYLINDER' 
1 2  7 1 0 . 0 . 0 .  0 . 0 .  0. 1. 1. 1 . 0  
0. 0. 1. 0. .5 .866 
0 .  .866 .5 0.  1. 0. 
0. -866 -.5 0 .  .5 -.866 
0 .  0 .  -1. 
- 5 .  0. 1. -5 .  .5  .866 
- 5 .  .866 .5 -5 .  1. 0. 
-5. .866 -.5 -5. .5 - -866 
-5 .  0 .  -1 
'SECOND CYLINDER' 
2 2 7 1 0 . - 9 0 . 0 .  - 1 . 0 . - 1 . 1 . 1 . 1 . 0  
n 0. 1. 0. .5 .866 
c. .866 .5 0.  1. 0. 
0 .  .866 -.5 0.  .5 -.866 
0 .  0.  -1. 
-5 .  0. 1. - 5 .  .5 .866 
-5.  .866 .5 -5. 1. 0. 
- 5 .  .866 - . S  -5. . 5  -.866 
-5 .  0 .  -1 
'THIRD CYLINDER' 
3 2 7 1 0 . 0 . 9 0 . - 6 . 1 . 0 . 1 . 1 . 1 . O  
0. 0. 1. 0 .  .5 .866 
0 .  .866 . 5  0 .  1 .  0 .  
0 .  .866 - . 5  0 .  .5 -.866 
0 .  0 .  -1. 
- 5 .  0. 1. -5.  .a r. .866 
-5 .  .866 .5 -5. 1. 0. 
- 5 .  -866 -.5 -5 .5 -.866 
-5 .  9. -1 
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EXAMPLE 3.- Simple Aircraft Shape 
Following is a picture of a simple aircraft and a listing of the geometry data 
in IaWGS form used to describe the aircraft. The listing is annotated and the 
illustrations of the individual components are givea to provide a detailed 
explanation of the format of the geometry. 
The illustrations of the individual components are lot to the same scale. 










O N  
0 0  
8 8  
9 3  
0 0  
0 0  
0 0  
3 ” .  
2 m  4 
0 0  a o 
O 0  2 0 ? S  
0 
._ 





. 4 c o 0 c o 0 ~ 0  
U O C n O N O  








0 0 0 0 0 0  






February 1985 19 
0 0  
0 0  
0 0  
9 9  
4 
0 0  
0 0 0  
0 0 0  
4 9 9  
0 0 0  
0 0 0  
0 0 0  


















0 3 9  




0 3 3  
0 0  
0 
0 
0 0  
0 0  
0 0  
0 3 3  
9 
0 
0 0  
0 0  
0 0  
9 9  
0 0  
0 0  
0 0  
9 3  
0 0  
0 0  
0 0  
9 3  
2 z  
4 4  
0 0  
0 0  
0 0  
3 9  
0 0  
0 0  
0 0  
3 9  
0 0  
0 0  
0 0  




o o o m o ~ ~ o ~ t n o ~ h o h o o o  
. ‘ ? ? 3 ? ? 4 ? ? ~ 4 ? $ ? ? ? ? ? ?  
N “ 9  u u  u m  m 
000000nJ0~rJONe0s000 
0 0 0 0 0 0 0 ~ 0 ~ ~ 0 ~ 0 0 0 0 0 0  
0 I I 1 
0 0 0 0 ~ 0 0 l n 9 0 V I  O h O O O O  
00000000uQ0060000000 
0 0 0 0 0 0 0 r J 0 0 ~ 8 0 9 0 0 0 0  
‘ ? 9 ? ? ? ? ? $ ? ? ~ ? ? ? ? ? ? ?  
(Y U U m 
0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
W h o  0 8 0 0 0 0 0 0 0  o o O O O O O ~ o O 0 0 O O 0 8  0 0 0 0 0  
3 , ? ? ? 9 ? ? 4 3 ? ? ? ? 3 ? ? ? 4 4  









0 u x 
000000000 
l - 0 0 0 0 0 0 0 0 0  
4 0 0 0 0 0 0 m m u l  
I ?????3”;hl-  0 .  



















00 O m  
O h  u o  
0 .  
* U  
I I  
Z 8  
N O  
00 
00 
0 0  
m m  
N N  
:? 

















0 0 0  
0 0 0  
0 0 0  ' 9 0  
d .  
Ins 0 -  
cnns 
Inm u o  
0 0  
00 
0 0  
o u u  
0 9 3  
q m c n  
0 0 0 0 0 0 0 0 0 0 0 0  o o o a o a I n o m ~ o c n  
0 - 0 Q I m 0 0 - 0 ~ - O N  - c n u - J - l u S O u - o u ~  
. e . . . . . . . . .  
U 90069aJU9cbU94 q ~ l l l l l l l l l l l  
0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 m 0 0 c n 0 0 m o  






22 February 1985 
x 
t 
I I 0 0  O o 8 N  
0 0  
0 0  0 
0 0  0 
3 2  ? 
- Q \  QI 
0 0  0 
0 0  0 
0 0  0 
0 2? . 
h J  
o m  QI 
0 
0 
* O O U O  
d O O O C 3  
0 0 0 0  
h h h h  
0 . e . .  
o m m - 4 - 4  
0000 ( Y o w c  
h O h O  
3 ' 1  I I 
0?".4s 023",0" 
9 
o o m 3  
0000 
0000 
o m - 9 Q D  
0 9 9 9 9  
? 2 X :  
Ot 
0 0 0  
0 0 0  
9 9 3  
0 0 0  
0 0 0  
%8 
- . e  
0 0  
85: 
G i b  
0 . .  
04 
0 0  
00 
0 0  
OaDU 
? 
0 %  
? Z Z  
0 0  
0 0  
0 0 0  
0 - 0  . e .  
O U  







- r 4  
February 1985 23 
0 0  
0 0  
0 0  
9 9  
0 0  
3 0  0 
3 0  0 
0 0  0 
0 0  0 
0 0  0 
0 2 3  
a o a  u *  
O d  
0 
0 
. 0 0 0 0  
~ 0 0 0 0  o o m o  
r n O h O  o.... 
0- 1 
0 1  . 
0 0 0 0  
0 0 0 0  o o c o  




0 0 0 0  
0000 
0000 







k O  d-4 
J 
0 0 0 0  
0000 
0 0 0 0 0  
X 
24 February 1985 
EXAMPLE 4.- Complex Aircraft Shape 
Following is a l i s t i n g  of the geometry data in LaWGS form used t o  describe 
a complex asymmetrical aircraft (Figure 3 ) .  
'NONSYMMETRICAL TWIN BODY GEOMETRY SAMPLE' 
'WING 1 ' 
1 5 21 0 .o .o .o 
25.5310 3.5000 .OOOO 
21.6600 3.5000 -.1510 
18.3410 3.5000 -.1510 
15.0230 3.5000 -.0320 
16.1290 3.5000 .0850 
19.4470 3.5000 .1640 
22.7660 3.5000 .1240 
25.5310 4.6056 .0030 
22.2710 4.8679 -.1288 
19.6508 5.0787 -.1305 
17.1784 5.2776 -.0280 
17.9869 5.2125 .0740 
20.5069 5.0098 .1411 
23.1791 4.7948 .lo53 
25.5310 5.7609 .OOOO 
22.8591 6.1846 -.lo67 
20.8347 6.5056 -.1104 
19.0169 6.7939 -.0241 
19.6019 6.7011 .0634 
21.4847 6.4026 .1186 
23.5858 6.0694 .0865 
2:. 5310 I ,  9069 .OOOO 
23.7097 8.0890 -.0914 
22.2680 8.2332 -.0938 
20.9249 8.3675 -.0204 
21.3623 8.3238 .OS37 
22.7370 8.1863 .lo10 
24.2140 8.0386 .lo74 
25.5310 10.0000 .OOOO 
24.5633 10.0000 -.0755 
23.7338 10.0000 -.0755 
22.9043 10.0000 -.0160 
23.1808 10.0000 .0425 
24.0103 10.0000 .0820 
24.8398 10.0000 .0620 
















































-.0916 . 0000 
.09 16 
.1173 
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.0914 . 0000 




.0755 . 0000 
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‘WING 2 m 
2 2 39 0 .o .’ .o 
25.5310 .5010 .OOOO 
23.6506 -5010 -e1060 
22.2403 -5010 -.1510 
20.8300 -5010 -e1660 
19.4197 .5010 -.1510 
18.0094 .5010 -. io60 
l6.5991 .5010 -.0320 
18.4795 .5010 .1240 
19.8898 .5010 .1590 
21.3001 .5010 .1640 
22.7104 .5010 .1390 
24.1207 .SO10 .0850 
25.5310 1.5000 .OOOO 
23.3190 1.5000 -.lo60 
21.6600 1.5000 -.1510 
20.0010 1.5000 -.1660 
18.3410 1.5000 -.1510 
16.6820 1.5000 -.lo60 
15.0230 1.5000 -.0320 
15.5760 1.5000 .0600 
17.2350 1.5000 .1240 
18.8940 1.50CO .1590 
20.5540 1.500C .1640 
22.2130 1.5000 .1390 
23.8720 1.5000 .0850 
17.0692 -5010 -0600 
’FUSELAGE c 


































































































- .0600 -. 1240 
-. 1640 -. 1390 
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. O O W  .5200 
.2782 -.5774 
.5793 -.2790 
26 February 1985 



































































































4 18 25 0 .O .O .O 
-2.5000 -2.5000 .OOOO 



































































































.59L 6 -. 6340 
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.4050 
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.6322 .1.'46 











































-7..5000 -2.5000 .OOOO -2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO -2.5000 -2.5000 .OOOO 
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3 4411 -1 6659 
. 0000 . 0000 . 0000 . 0000 . 0000 
.oooo . 0000 
-.2441 
-.1727 . 0000 
.1728 
-2442 







-3585 . 0000 
--3456 
-.4817 -. 6702 















-.8477 -. 9387 -. 6524 . 0000 
.6524 
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.6707 . 0000 































































.2525 -. 1283 
- .4207 










.4384 -. 2263 
-. 7451 









-2 5000 -2.500” 
-2.5000 -2.5900 
-2.5000 -2.5000 







































4 -9212 -2.2583 
.oooo 
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EXAMPLE 4 .- Continued 
6.4316 -2.5000 -.9872 
6.0869 -1.8083 -.6917 
5.8478 -1.5301 .OOOO 
5.8481 -1.8146 .6854 
6.4314 -3.1976 .6976 
6.6774 -3.4895 .OOOO 
6.6774 -3.1998 -.6998 
6.4316 -2.5000 -.9872 
8.8422 -2.5000 -1.0000 
8.5135 -1.7930 -.7070 
8.0486 -1.5000 .OOOO 
7.7200 -1.7930 .7070 
7.7 199 -2.5000 1.0000 
8.0487 -3.2070 .7070 
8.5135 -3.SOOO .OOOO 
8.8421 -3.2070 -.7070 
8.8422 -2.5000 -1.0000 
15.3533 -2.5000 -1.0000 
15.1690 -1.7930 -.7070 
14.7000 -1.5000 .OOOO 
14.2310 -1.7930 .7070 
14.0367 -2.5000 1.0000 
14.2310 -3.2070 .7070 
14.7000 -3.5000 .OOOO 
15.1690 -3.2070 -.7070 
15.3633 -2.5000 -1.0000 
21.8633 -2.5000 -1.0000 
21.6690 -1.7930 -.7070 
21.2000 -1.5000 .OOOO 
20.7310 -1.7930 .7070 
20.5367 -2.5000 1.0000 
20.7510 -3.2070 .7070 
21.2000 -3.5000 .OOOO 
21.6690 -3.2070 -.7070 
21.8633 -2.5000 -1.0000 
27.2801 -2.5000 -1.0000 
27.2800 -1.7930 -.7070 
26.9514 -1.5000 .OOOO 
36.4865 -1.7930 .7070 
26.1578 -2.5000 1.0000 
26.1579 -3.2070 .7070 
26.4865 -3.5000 .OOOO 
26.9513 -3.2070 -.7070 
27.2801 -2.5000 -1.0000 
28.0395 -2.5000 -.9935 
28.1914 -1.7991 -.7009 
28.0395 -1.5065 .OOOO 
27.6698 -1.7945 .7055 
27.2977 -2.5000 1.0000 
27.1436 -3.2070 .7070 
27.2977 -3.5000 .OOOO 
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3 7.5000 -2.5000 
37.5000 -2.5000 
31.2724 -2.5000 
37 5000 -2 5000 
-. 7055 
-.9935 








































.oooo -. 1958 
-.2769 
.oooo 
.oooo . 0000 
.oooo 
.oooo 



































































































































































.oooo . 0000 
.oooo . 0000 
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EXPMLJLE 4.- Continued 
37.5000 -2.5000 .OOOO 
37.5000 -2.5000 .OOOO 
37.5000 -2.5000 .OOOO 
37.5000 -2.5000 .C300 
’POD 2 c 
5 18 25 0 .O .O .O 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-1.2003 -2.5000 -.2441 
-1.2002 -2.3273 -.172’ 
-1.2000 -2.2558 .OOOO 
-1.1998 -2.7272 -1728 
-1.1997 -2.5000 .2442 
-1.1998 -2.6728 .1728 
-1.2000 -2.7442 .OOOO 
-1.2C -2.6727 -.1727 
-1.2Od3 -2.5000 -.2441 
-3029 -2.5000 -.4817 
,3029 -2.1q34 -.3406 
.3547 -2.0112 .!loo0 
.4307 -2.1470 .3530 
.4864 -2.5000 .5069 
.4864 -2.8585 -3585 
.4307 -2.9993 .OOOO 
.3547 -2.8456 -.3456 
.3029 -2.5000 -.4817 
1.7696 -2.5000 -.6702 
1.7152 -2.0302 -.4698 
1.7696 -1.8298 .OOOO 
1.9050 -2.0151 .4849 
2.0466 -2.5000 .7012 
2.1073 -3.0009 .5009 
2.0466 -3.2012 .OOOO 
1.9050 -2.9849 - .4849 
1.7696 -2.5000 -.6702 
3.5980 -2.5000 -.8477 
3.4410 -1.9100 -.5900 
3.4411 -1.6659 .OOOO 
3.5979 -1.9004 -5996 
3.8285 -2.5000 .8658 
3.9967 -3.1197 -6197 
3.9966 -3.3762 .OCOO 
3.8285 -3.1124 -.6124 
3.5980 -2.5000 -.8477 
5.0198 -2.5000 -.9387 
37.5000 -2.5000 .OOOO 37 5000 -2.5000 .OOOO 
37.5000 -2.5000 .OOGO 37.5000 -2.5000 .OOOO 
37.5000 -2.5000 .OOGO 37.5000 -2.5000 -3000 






























































.1283 -. 4207 
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.1300 -. 2461 
-. 4669 
-4398 











.2273 -. 4346 
-.8245 
4.8306 -2.3363 -.8029 
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-1.0000 -. 7070 . 0000 
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.7070 . 0000 -. 7070 
-1.0000 
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.2562 -. 4949 -. 9544 























.2 590 -. 5000 
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-.6152 -. 8590 
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- .4537 
-.6413 

































32.9945 -2.6 804 
32.8423 -3.1179 














36.0004 -2.57 16 





























































































.2590 -. 4998 
- .9608 

















.1863 -. 3652 
-.7028 
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.oooo -. 1958 
-.2769 
.oooo 
.oooo . 0000 . 0000 





35.9999 -2.7674 -.0716 






37.5000 -2 5000 
37.5000 -2.5000 
37.5000 -2.5000 





.oooo . 0000 
35.9998 -2.7402 -.1384 









6 5 5 0 .O .O .O 2.500 .OOO .ooo 1.000 1.000 1.000 
3.7500 3.1120 .OOOO 3.7500 3.1120 .OOOO 3.7500 3.1120 
3.7500 3.1120 .OOOO 3.7500 3.1120 .OOOO 
4.5000 3.5000 .0250 4.5000 3.2000 .O>OO 
5.0000 3.2260 -.lo00 5.0000 3.7500 -e0500 5.0000 4.4000 
5.0000 3.7500 .0500 5.0000 3.2260 .lo00 
5.8000 4.1500 .0250 5.8000 3.3000 .0500 
6.2500 3.3610 .OOOO 6.2500 4.4000 .OOOO 6.2500 5.6100 
6.2500 4.4000 .OOOO 6.2500 3.3610 .OOOO 
4.5000 3.2000 -.0500 4.5000 3.5000 -e0250 4.5000 3.8800 
5.8000 3.3000 -.0500 5.8000 4.1500 -e0250 5.8000 5.1800 
'LEFT CANARD c 
7 5 5 0 -0 -0 .O -2.500 -5.000 -000 1.000 1.000 1.000 
3.7500 1.8880 .OOOO 3.7500 1.8880 .OOOO 3.7500 1.8880 
4.5000 1.8000 .0500 4.50GO 1.5000 ,0250 4.5000 1.1200 
4.5000 1.5000 -.0250 4.5000 1.8000 -.0500 
5.0000 1.7740 .lo00 5.0000 1.2500 .0500 5.0000 .6000 
5.0000 1.2500 -.0500 5.0000 1.7740 -.lo00 
5.8000 1.7000 .0500 5.8000 -8500 .025n 5.8000 -.1800 
5.8000 -8500 -.0250 5.8000 1.7000 -.0500 
6.2500 1.6390 .OOOO 6.2500 ,6000 .OOOO 6.2500 -.6100 
6.2500 .6000 .OOOO 6.2500 1.6390 .OOOO 
3.7500 i.888n .oooo 3.7500 1.8880 .oooo 
'BRACE # 
8 4 7 0 .O .O .O . 000 .ooo .ooo 1.000 1.000 1.000 
28.7500 -1.5490 a2590 28.7500 -1.5150 .OOOO 28.7500 -1.5490 
28.7500 1.5340 -.2590 28.7500 1.5000 .OOOO 28.7500 1.5340 
28.7500 -1.5490 .2590 
29.1000 -1.5600 -2590 29.1000 -1.5400 .OOOO 29.1000 -1.5600 
29 - 1000 1.5340 -. 2590 29 1000 1 5000 .OOOO 29 1000 1.5340 
29.1000 -1.5600 .2590 
29.5000 -1.5800 -2590 29.5000 -1.5500 .OOOO 29.5000 -1.5800 
29.5000 1.5340 -e2590 29.5000 1.5000 .OOOO 29.5000 1.5340 
29.5000 -1.5800 -2590 
30.0000 -1.5900 -2590 30.0000 -1.6000 .OOOO 30.0000 -1.5900 
30.0000 -1.5900 .2590 
30.0000 1.5340 -.2590 30.0000 1.5000 .OOOO 30.0000 1.5340 
. 0000 
.oooo . 0000 
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APPENDIX B.- Applicat ion of LaWGS t o  ALrcraf t  Shapes 
This appendix d e s c r i b e s  how t o  i n p u t  a t y p i c a l  a i r c r a f t  c o n f i g u r a t i o n .  There 
are babLcally two types  of i n p u t  modes, fu s i fo rm or planar .  Fusiform o b j e c t s  
are u s u a l l y  t a p e r i n g  toward each end with prominently curved s u r f a c e s  and 
i n c l u d e  f u s e l a g e  and eng ine  n a c e l l e s .  
o r  f l a t  s u r f a c e s  and i n c l u d e  wings, f i n s ,  cana rds ,  h o r i z o n t a l  t a i l s ,  etc. 
P lana r  o b j e c t s  u s u a l l y  have g e n t l y  curved 
To s i m p l i f y  t r a n s l a t i o n  ( o r  ed i t i r l g )  p r . x e d u r e s ,  t he  fo l lowing  g u i d e l i n e s  f o r  
o r d e r  of d e s c r i p t i o n s  are recommended. 
Fusiform Objects .  
around t h e  body, t h e  l i n e s  s t a r t i n g  a t  t h e  nose ( p o i n t  AI i n  t h e  fol lowing 
s k e t c h )  and ending a t  t h e  base. 
a t  t h e  bottom ( lowest  2) (poirrt A) and be g i v e n  i n  a clockwise d i r e c t i o n  
f ac ing  t h e  i n c r e a s i n g  X d i r e c t i o n .  E i t h e r  h a l f ,  i f  t h e  body i s  symmetrical 
wi th  r e s p e c t  t o  t h e  XZ p lane ,  o r  t h e  e n t i r e  body may be desc r ibed .  
Fusiform type  o b j e c t s  should be  d e s c r i b e d  by contour  l i n e s  
The p o i n t s  on t h e  c.ontour l i n e s  should s t a r t  
B 
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Planar  Objects .  The contour  l i n e s  for p l ana r  type  o b j e c t s ,  t h a t  have t l t e i r  
g r e a t e s t  l eng th  extending i n  t h e  Y d i r e c t i o n  such a s  wings and h o r i z o n t a l  
ta i ls ,  should be desc r ibed  i n  t h e  inc reas ing  Y d i r e c i i o n .  The coord ina te s  f o r  
t hese  o b j e c t s  should s tar t  a t  t h e  t r a i l i n g  edge (po in t  A i n  t h e  fo l iowlng  
ske tch )  and con t inue  i n  a clockwise d i r e c t i o n  f ac ing  t h e  i n c r e a s i n g  Y 
d i r e c t i o n  a long  t h e  lower s u r f a c e  t o  t h e  l ead ing  edge and then  along t h e  tipper 
su r face .  I f  i t  is d e s i r a b l e  t o  d e s c r i b e  a wing ty: s u r f a c e  wi th  se?arate 
o b j e c t s  o r  segments,  t h e  contour  l i n e  coord ina te s  should start  a t  po in t  A f o r  
t h e  lower s u r f a c e  and p o i n t  B f o r  t h e  upper su r face .  
X 
B 




The contour  l j n e s  f o r  p l ana r  t y p e  o b j e c t s ,  t h c t  have t h e i r  g r e a t e s t  l eng th  
ex tending  in t>e 2 d i r e c t i o n  such as v e r t i c a l  ta i ls  and ventral f i n s ,  should  
s ta r t  a t  t h e  lowest po in t  on t h e  t r a i l i n g  edge ( p o i n t  A i n  t h e  fol!.<rwing 
s k e t c h )  and cont inue  i n  t h e  p o e i t i v e  Z d i t e c t i o n .  
coo d i n a t e s  ShoUh! start  a t  the  t r a i l i n g  edge ( p o i n t  A) and con t inue  i n  a 
clockwise d i r e c t i o n  f a c i n g  t h e  p o s i t i v e  2 d i r e c t i o n .  I f  i t  is d e s i r a b l e  t o  
d e s c r i b e  only h a l f  of a f i n ,  start a t  p o i n t  A and end e t  p o i n t  B. 
For a complete f i n ,  t h e  
-x 
8 A t 
Y 
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APPENDIX C.- Considerat ions f o r  Developing LaWGS Trans la to r s  
R a n s l a t o r s  between the  Langley Wireframe Geometry Standard and any 
app l i ca t ions  program w i l l  be l a r g e l y  dependent on t h e  geometry format used by 
the  a p p l k a t i o n s  program. Some ideas  are presented i n  t h i s  appendix that may 
help  with the  process of developing LaWGS t r a n s l a t o r s .  
Dimensions. 
o b j e c t s ,  l i n e s  o r  po in ts  allowed i n  a f i l e .  
too l a rge ,  i t  is  recommended t h a t  t h e  t r a n s l a t o r s  be dimenstoned t o  a l low 30 
ob jec t s ,  50 l i n e s  p e r  ob jec t ,  and 50 poin ts  per  l i n e .  
The LaWGS does not conta in  any r e s t r i c t i o n  on the  number of 
To prekent f i l e s  from becoming 
Transformations. The following equat ions represent  t h e  r o t a t i o n s ,  
t r a n s l a t i o n s  and scale f a c t o r s ,  e3pl ied  i n  t h e  propcr order ,  t h a t  are - eded 
t o  go from the  local coordinate  sys tem t o  t h e  g loba l  coord ina te  s y s t e r  
(Reference 6 ) .  The equat ions necessary t o  go from the local coord ina te  
systems t o  the  g loba l  coord ina te  system are: 
x = i [x  (cos COSY) + y (-siny cos0 + si& cosy s in@)  
= { [x (case s iny )  + y l ( c o s ~  cos0 + s i n e  s i n r  sin41 
g 
yt3 
zl(s inv s in4  t sine cosy cos4)l  + TX) SCALE 
'+ zl(rosY s inQ + s i n 9  sinY  COS^)] + 'N) YSCALE 
A subrout ine (LRCCNV) has been placed i n  t h e  LaRC U t i l i t y  Library (UTIL) t o  
convert  a LaWGS f i l e  with t ransformation parameters t o  a LaWGS f i l e  i n  t h e  
g loba l  coordinate  s,-tem. In t h e  g loba l  system, t h e r e  are no l o c a l  
symmetries, r o t a t i o n s ,  t r a n s l a t i o n s ,  or scale f a c t o r s ,  bu t  t h e r e  are g l o b a l  
s p m e t r i e s .  
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Connect iv i ty  of po in ts .  
terms of s u r f a c e s  r a t h e r  than  s imple wireframes. 
Many a p p l i c a t i o n s  r e q u i r e  o b j e c t s  t o  be desc r ibed  i n  
When desc r ib ing  s u r f a c e s ,  i t  
is important  t o  be c o n s i s t e n t  i n  t h e  way p o i n t s  are connected i n  o r d e r  t o  
i n s u r e  that s u r f a c e  normals are o r i e n t e d  c o r r e c t l y .  
g i v e s  a g e n e r a l  r u l e  f o r  connect ing p o i n t s  i n  a c o n 3 i s t e n t  manner. 
The fo l lowing  paragraph 
An o b j e c t  can be thought of as an  a r b i t r a r y  polyhed'ton which is modeled by 
d e f i n i n g  i t s  f a c e s  ( o r  panels) .  
s i d e  i n v i s i b l e  because i t  f a c e s  t h e  i n t e r i o r  of t h e  o b j e c t  and t h e  o t h e r  s i d e  
v i s i b l e  because i t  faces outward. 
convent ion can be used t o  d i s t i n g u i s h  between t h e  two s i d e s :  t h e  v e r t i c e s  of 
each panel  should be l i s t e d  i n  counterclockwise o rda r  when t h e  pane l  is  viewed 
from o u t s i d e  t h e  o b j e c t .  
d i r e c t e d  outward from t h e  o b j e c t  (Reference 7). 
Each f a c e  is a two-sided polygon wi th  one * 
When modeling a panel ,  the fo l lowing  
This i n s u r e s  t h a t  t h e  s u r f a c e  normal v e c t o r  is 
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APPENDIX Do- 8 & t r y  I n t e r f a c e  Programs 
Program Operating F0r-t e s p o n s  i b l e  
name System From To Person S t  atus* 
CQLRC 
CBSZLRC 































NOS Harris Wave Drag 
NOS LaWGS 
NOS Ames Standard 
LaWGS C. B. Craidon 
I d G S  V. S. Johnson 
LaUGS S. H. Stack 
PAN A I R  D. Miller 
LaWGS D. Miller 
ANVIL 4000/ C. 8. Craidon 
PATBAN G/ 
IGES 
MOVIE. BYU ???  
CDS V. S. Johnson 
G W A K  S. H. Stack 
Hess ? ? ?  
LaWGS C. B. Craidon 
Ames Standard ??'! 














*UC - Under Consideration 
UD - Under Development 
C - Complete 
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